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*t FIELD OF THE INVENTION 


m 

W The present invention generally relates to the fields of oncology, biochemistry, 

y 

15 and immunology and to methods of early diagnosis of precancerous or cancerous 

k Jj conditions in a mammal and, more particularly, to a method of diagnosing 

1 } precancerous or cancerous conditions in a mammal, wherein a biological sample is 

fill obtained from said a gastrointestinal site of said mammal to detect the presence of a 

hh 

j*5 backleak of signature proteins or carbohydrates indicating tight junctional leakiness at 

20 an early stage of a cancerous precancerous condition. 
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BACKGROUND OF THE INVENTION 

25 Research has indicated that the tight junctional seal surrounding each epithelial 

cell in an epithelial tissue is compromised in the process of tumor formation. This has 
been shown by: 1) the ability of the tumor promoter class of secondary carcinogens to 
engender tight junctional leakiness through activation of protein kinase C (Mullin and 
O'Brien, 1986; Mullin et al., 1997); 2) the existence of leaky tight junctions between 

30 epithelia of human gastrointestinal tumors (Peralta Soler et aL, 1999); and 3) the 
induction of tight junction leakiness in precancerous rat colon being exposed to 
primary carcinogens (Peralta Soler et al., 1999). The physiological implication of this 
leakiness is that it will compromise the barrier function of the entire epithelial tissue. 
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This has in turn very important medical implications for the generation and 
progression of inflammatory and cancerous states (Mullin, 1998), particularly since 
proteins such as insulin have been demonstrated to cross these junctions intact (Mullin 
et al., 1998). Thus, precancerous and cancerous epithelial tight junctions will allow 
for diffusion of proteins and sugars from the lumen of the upper GI tract (esophagus 
and stomach) into the bloodstream. In addition however, the intrinsic compartmental 
physiology of epithelial tissues allows one to take advantage of a naturally occurring 
diagnostic indicator of leakiness in these tissues, an indicator which can provide a 
non-invasive early warning to cancerous and precancerous inflammatory states in 
epithelial tissues. 

All epithelial cells in the body are polar, that is they possess distinct top and 
bottom surfaces. This structural polarity allows them to perform their two most basic 
functions: they can reabsorb substances in one direction or secrete other substances in 
the opposite direction. Secretion of acid into the stomach lumen or reabsorption of 
sugar from urine are both due to this structural polarity. This vectorial property holds 
true not just for acids, salts and sugars, but for proteins as well. Gastric epithelia 
generally secrete digestive enzymes such as trypsin into the lumen of the GI tract, not 
the bloodstream, whereas the hormones gastrin and secretin, are released in the 
opposite direction to enter the bloodstream (Mountcastle, Medical Physiology, 1974). 
This directionality is achieved by the structural polarity of the epithelial cells, but it is 
maintained by the tight junctional seals preventing back diffusion of substances across 
the epithelial barrier. As tight junctions become leaky in the process of development 
of epithelial cancer, backleak of these signature proteins will occur, causing their 
levels in the opposite fluid compartment to rise. 

The present invention, relates to the early diagnosis of cancer by detection of a 
backleak of signature proteins in the gastrointestinal tract, considered as a continuum 
from the mouth to the rectum. Along this "tube" are various proteins and sugars 
which are vectorially secreted into the GI lumen and are specific not only to the GI 
tract but to specific sites in the GI tract. Salivary amylase (ptyalin) is a 55,000 
molecular weight protein released by cells of the parotid gland into saliva, the first 
lumen of the GI tract (Dimagno, in Gastroenterology, 1980). It moves down the 
esophagus into the stomach simply with swallowing. Pepsinogens I and II (40,000 
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mw) are released into the lumen of the stomach from oxyntic glands. Once these 
proteins are exposed to the acidity of the lumen of the GI tract, they spontaneously 
form the smaller and catalytically active protein, pepsin (33,000 mw) (Mountcastle, 
Medical Physiology, 1974). This enzyme is functional in the stomach and upper 
intestine. In the lower intestine and colon, the trefoil factor, TFF3 or ITF, is secreted 
into the lumen. It is a 39 amino acid residue polypeptide which seems to be active in 
mucosal repair processes (Thim, 1997). 

Tight junctional leakiness between gastrointestinal epithelia in the vicinity of 
the secretion of these proteins, or downstream of their secretion, will allow for their 
chronic leak into the bloodstream, raising their level in serum. Therefore, salivary 
amylase levels in serum have important diagnostic predictive value for esophageal and 
gastric precancerous conditions, specifically Barett's Esophagus, atrophic gastritis and 
H. pylorii infection. Serum pepsin levels likewise have diagnostic value in 
precancerous gastric conditions, such as atrophic gastritis and H. pylorii infection. 
The secretion of TFF3 (ITF) in the lower intestine and colon makes its serum level 
predictive of precancerous leaks in the ileum and colon. For all three markers, 
elevated serum levels of these proteins can serve as low cost, noninvasive indicators 
whose presence can alert the physician to the need for the more expensive and 
involved endoscopic or colonoscopic follow-up procedures. 

In addition to detecting leakage of signature proteins into the bloodstream, the 
present invention relates to detecting cancerous or precancerous conditions by leakage 
of signature carbohydrates from the epithelium into the bloodstream. Both leakage of 
signature proteins and leakage of signature carbohydrates serves as the basis for a 
noninvasive and relatively inexpensive screen for upper GI cancers and for 
precancerous and cancerous conditions throughout the GI tract. It would also serve to 
A similar approach could be utilized in a range of other epithelial tissues and cancers. 



SUMMARY OF THE INVENTION 



It is an object of the present invention to provide a method of diagnosing 
precancerous or cancerous conditions in a mammal by detecting the presence of a 
backleak of at least one signature protein in the gastrointestinal tract of said mammal. 



MUL01.NP001 



PATENT 



It is another object of the present invention to provide a method of diagnosing 
precancerous or cancerous conditions in a mammal by detecting the presence of a 
backleak of at least one signature carbohydrate in the gastrointestinal tract of said 
5 mammal. 

Another object of the present invention to provide a method of diagnosing 
precancerous or cancerous conditions in a mammal by detecting the presence of a 
backleak of at least one signature protein in the gastrointestinal tract of said mammal, 
wherein said signature protein is at least one of the group of trefoil factor, pepsin, and 
10 salivary amylase. 

It is yet another object of the present invention to provide a method of 
diagnosing precancerous or cancerous conditions in a mammal by detecting the 
S2!l presence of a backleak of at least one signature carbohydrate in the gastrointestinal 

m 

yj tract of said mammal, wherein said signature carbohydrate is at least one of the group 

ifii 15 of sucrose and mannitol. 
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DETAILED DESCRIPTION OF THE INVENTION 



5 cc peripheral (venous) blood samples are drawn in EGTA-treated tubes to 
avoid clotting. Samples are immediately centrifuged at room temperature to separate 
25 plasma from cells. The supernatant plasma is aliquoted into lcc amounts and frozen 
immediately at -70°C. These aliquots are thawed at time of assay. 

Serum amylase (total) is detected enzymatically. The assay is performed in the 
presence of an inhibitor, which is selective for specifically the salivary form of the 
enzyme, resulting in detection of the pancreatic form only. The difference between 
30 the total activity and the pancreatic activity is the salivary amylase (Huang and Tietz, 
1982). 

Pepsin is assayed enzymatically using Folin's phenol reagent. Since 
pepsinogens in plasma are converted to pepsin upon acidification to pH 2, the assay is 
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in fact a measure of pepsin + pepsinogen. However a second aliquot of each plasma 
sample is incubated at pH 8 prior to assay, whereupon pepsin will be destroyed, but 
pepsinogen will be stable. The difference between the total activity and the 
pepsinogen activity will be pepsin (Herriot, 1955). 

Intestinal-specific trefoil peptide (TFF3 or li t) is assayed immunologically. 

Determine i f Epithelial Tight Junctional Leakiness Is a Property of Epithelial 
Tumors in the Upper Gastrointestinal Tract 

Using the same methods with which tight junctional leakiness was observed in 
tumor epithelia of human colon, tissue is now obtained (by gastrectomy) from patients 
undergoing stomach surgery for adenocarcinoma. Where the tumor is large enough to 
permit taking a portion for research purposes, samples are taken of histologically 
normal mucosa from the edge of the excised tissue alongside portions of mucosa from 
the very edge of the tumor. Comparative permeability determinations are made 
electrophysiologically, by radiotracer flux and by use of electron dense dyes in 
electron microscopy, all techniques which have been published extensively. (Mullin 
et al., 1997; Peralta Soler et aL, 1999; Mullin and McGinn, 1988). 

In addition, the expression and phosphorylation state of the tight junctional 
protein, occludin, is analyzed in mucosal scrapes from histologically normal gastric 
mucosa and from mucosa at the edge of tumor. 

Demonstration of the Leakage of Luminal Salivary Amylase and Sucrose 
Across the GI Barrier in Precancerous States in Humans 

Across a broad range of endoscopy patients, serum levels of salivary amylase are 
determined by using well-described enzymatic methods, arranging the results into four 
clinical groups: 1) grossly normal; 2) precancerous conditions (e.g. Barrett's 
esophagus, atrophic gastritis); 3) actual carcinomas/adenomas; and 4) ulcerations and 
other non cancer abnormalities (H. pylori positive tissue). Patients are asked prior to 
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their endoscopy to swallow 200 ml of 0.5 g/ml sucrose. Sucrose leaking across the 
gastroesophageal mucosa into the bloodstream is analyzed in an overnight urine 
sample in collaboration with Dr. Jon Meddings of the Univ. of Calgary, Canada. In 
gastric and esophageal tissue biopsies from these same patients, the level of 
expression and the phosphorylation state of the tight junctional protein, occludin, is 
analyzed with a focus on testing for differences among the above four groups. 

The Biomedical Importance of Tight Junction Regulation 

Epithelia, have two key characteristics that seem to define all other more 
specific traits: 1) cell polarity, creating distinct apical and basal-lateral membrane 
domains; 2) structural integration into a barrier by means of the gasket-like 
intercellular sealing strands which are termed the "tight junction" (TJ) or zonula 
occludens. All other key characteristics of these cells, their binding proteins, 
receptors, transporters, secretory systems, etc. depend upon these two traits in order to 
fulfill their function. The most basic processes of nutrient absorption and salt and 
water balance cannot be achieved without these traits. Without polarity to achieve 
directionality, and a tight junctional band to maintain polarity and prevent paracellular 
backleak, there can be no unidirectional transcellular transport, one of, if not the key 
characteristic of higher life. 

The present invention is predicated in part on the fact that the compromising 
of one or both of these traits has profound implications for not just the organism and 
its tissues, but even for the homeostasis of the individual epithelial cells. When one 
considers that the majority of lethal cancers are epithelial in origin (Fraumeni, et al., 
1989), it is unusual that cancer research has not focused more on these two key 
properties. 
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Tight Junction Structure 

With the discovery of the first TJ protein, ZO-1 (Stevenson et al., 1986), 
morphological approaches to TJ permeability based largely on freeze fracture electron 
microscopy studies (Pinto da Silva and Kachar, 1982), would now shift to Western 
immunoblot and immunofluorescence studies. Cingulin (Citi et al., 1988), ZO-2 
(Jesaitis and Goodenough, 1994), 7H6 (Zhong et al., 1993), ZO-3 (Haskins et al., 
1998) were all identified in the late 1980s and 1990s, as a concept began to emerge 
that the TJ was not only a complex of proteins, but a complex physically associated 
with the actin cytoskeleton of the cell (Madara et al., 1986). These proteins were, 
however, all found to be intracellular and, therefore, could not function as the 
extracellular barrier situated in the intercellular space. 

The discovery of occludin (Furuse et al., 1993) marked the first of the 
extracellular proteins to be found. In fact, occludin was a membrane spanning TJ 
protein whose intracellular portion contained a binding site for ZO-1 (Furuse et al., 
1994). Occludin's discovery was followed closely by the claudins (Furuse et al., 
1998), which were viewed as extracellular occludin-associated proteins. A picture 
somewhat like the gears of a clock began to emerge. 



Regulation of Tight Junctions by Tumor Promoting Phorbol Esters 

There is (an) extensive literature indicating that the class of tumor promoters 
(secondary carcinogens) called phorbol esters, can regulate TJ permeability and 
assembly. Phorbol esters have been known to increase TJ permeability since the early 
1980s. (Ojakian, 1981; Mullin and O'Brien, 1986). This action of phorbol esters was 
then attributed to PKC activation by studies with a number of structurally distinct 
tumor promoting Protein Kinase C (PKC) activators such as teleocidin and 
diacylglycerols. (Mullin et al., 1990; Mullin and McGinn, 1988). In gastrointestinal 
cell sheets, phorbol esters likewise increase transepithelial permeability. (Hecht et al., 
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1994). PKC has been shown to mediate the effect of Ca** on TJ permeability (Tai et 
al., 1996). 

Although most researchers fixate on the implication of this action of tumor 
promoters for indicating regulation of TJ permeability by PKC, a key point is 
frequently missed. This point is that a class of chemicals intricately involved in the 
processes of chemical carcinogenesis, are very potent mediators of increased TJ 
leakiness. 

Aberrant Tight Junctions Associated With Tumors and Transformation 

The first published report which indicates altered TJ structure in cancer was 
actually almost 30 years ago, and showed by using routine transmission electron 
microscopy that there is loss of electron dense TJ structure as a function of epithelial 
transformation. (Martinez-Palomo, 1970). Over a decade later, using freeze fracture 
electron microscopy, a decreased number of TJ strands was observed in transitional 
carcinoma of the urinary bladder compared with normal mucosa (Saito, 1984). Five 
years after this, decreased transepithelial impedance was recorded across the colons of 
mice treated with chemical carcinogens, suggesting increased functional permeability 
to Na + and CI'. (Davies et al., 1989). At this same time, inflammatory bowel disease 
linked with increased colon cancer risk was itself being linked with increased TJ 
permeability, not only in affected individuals but in first degree relatives as well. 
(Hollander 1988). 

On a molecular basis, the TJ protein, ZO-1, has been shown to possess 
significant sequence homology to a septate tumor suppressor protein of Drosophila. 
A mutation of this protein leads to epithelial tumor formation in larvae. (Woods and 
Bryant, 1991; Willott et al., 1993). The interaction of the normal APC (adenomatous 
polyposis coli) colon cancer susceptibility gene product with the cell adhesion protein, 
beta catenin (Su et al., 1993), raises an interesting possibility that mutation of APC 
may affect cell adhesion and thereby TJ permeability. 
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Findings 

It had been shown 20 years ago (Ojakian, 1981) that the phorbol ester, TPA, 
was capable of causing transepithelial leakiness to salts in a renal epithelial cell line. 
Once the phorbol esters were found to be activators of the signal transduction 
intermediate, PKC (Castagna et al., 1982; Nishizuka, 1984), this finding was then 
used as a springboard by many groups into the regulation of transepithelial 
permeability by PKC, and later into other signaling elements as well, (reviewed by 
Schneeberger and Lynch, 1992). Today it is not an exaggeration to say that many 
view phorbol esters as merely PKC activators and do not consider, or are even 
unaware of, their related role as tumor promoters. 

One can view Ojakian 's 1981 finding in light of the earlier findings which 
showed that: 1) phorbol esters were among the most powerful tumor promoting agents 
known (Diamond et al., 1980); and 2) tumor promoters function in epithelial 
carcinogenesis as second stage carcinogens which produce a nonheritable change in 
the cells being transformed. (Boutwell, 1974). The action of phorbol esters on 
epithelial TJs function in the process of epithelial tumorigenesis. Certainly the two 
key characteristics of epithelia (intrinsic polarity and ability to separate two fluid 
compartments in vivo) are abrogated in epithelial cancers as described below. 

In the present invention, it was necessary to investigate what types of solutes 
these phorbol ester-treated epithelial TJs were now leaky to. The physiological and 
cell biological effects of the TJ leakiness would be in direct association with exactly 
what types of substances could now cross the epithelial barrier. In a different 
epithelial cell line (LLC-PKi), it was shown that TPA also caused a rapid, dose 
dependent decrease in transepithelial electrical resistance (R t )» indicating increased 
permeability to Na + and CI" (Mullin and OBrien, 1986). It was also shown that the 
paracellular markers D-mannitol (mw 182) and polyethylene glycol (mw 4000) both 
crossed the TPA-treated epithelial cell sheet much more rapidly than they crossed a 
control cell sheet, and the electron dense dye, ruthenium red, was able to penetrate TJs 
of TPA-treated cell sheets, but not corresponding control cultures. (Mullin et al., 
1996). In fact, chronic exposure of epithelial cell cultures to TPA (4 days or greater) 
resulted in polyp-like, multilayered foci, whose junctions were uniquely leaky to 
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ruthenium red, whereas TJs of neighboring morphologically normal, one-cell-layer- 
thick areas were impermeable to the dye. Later studies demonstrated in fact that the 
TJs became leaky to molecules as large as 2 million mw (Mullin et al., 1997). Most 
important were the findings that within that molecular weight range, growth factors 
such as EGF and insulin had over 20-fold increased rates of flux, and that the material 
coming across the epithelial barrier retained biological activity. (Mullin and McGinn, 
1987; Mullin et al., 1999). 

The biological significance here is that luminal fluids of many epithelial 
tissues contain very high levels of certain growth factors (Barnard et al., 1995; 
Jorgenson et al., 1990; Nexo et al., 1992; Mroczkowski and Reich, 1993), whereas the 
receptors for these growth factors are normally found on the abluminal cell surface. 
(Bishop and Wen, 1994; Muto et al., 1991; Thompson, 1988; Scheving et al., 1989). 
Therefore if TJs become leaky to such growth factors, this results in epithelial growth 
factor receptors encountering their ligands at concentrations normally never seen in 
vivo, in turn resulting in altered states of differentiation and cell cycle regulation. 
(Mullin, 1997). In the present invention, it was necessary to increase in vivo the 
concentration of Epidermal Growth Factor (EGF) in rat colonic lumen. This does not 
produce any observed effect on normal rat colon epithelium. However rat colon 
which has been treated with the colon carcinogen, dimethylhydrazine, manifests a 
greater number and size of carcinomas when luminal EGF is increased. This is a direct 
consequence of the carcinogen's effect on colonic crypt epithelial TJs as described 
below. 

On a molecular level, there are several published studies showing that the 
patterns and timing of translocation and downregulation of the alpha isoform of PKC 
correlate closely with the changes in TJ permeability, suggesting that this specific 
isoform may govern TJ permeability. (Mullin et al., 1997). Similar results are 
achieved by molecular overexpression of PKC-alpha. (Rosson et al., 1998). The TJ 
molecular target of activated PKC led to the conclusion, however, that PKC is further 
upstream in the signaling pathway regulating TJ permeability than first imagined. 

In approaching the question of molecular targets of PKC which would 
transduce a signal to a state of increased TJ permeability, occludin was chosen to 
begin the studies. Unlike ZO-1, occludin is a membrane spanning protein and actually 
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forms part of the TJ barrier. In comparison to claudins, occludin is a larger, more 
complex protein, and more is known of its structure and interactions. Exposure of 
epithelial cell sheets to TPA was observed to cause very little change in the 
localization of occludin as seen by immunofluorescence, whereas the intracellular TJ- 
associated protein, ZO-1, was being down regulated. Western immunoblots likewise 
showed that occludin was not being down regulated or translocated in association with 
TPA-induced TJ permeability increase. (Clarke et al., 2000, Appendix B). More 
important, however, was the finding that occludin 's phosphorylation state was 
changing in association with increased TJ permeability. In fact, whereas it was 
expected to see an increase in occludin phosphorylation after PKC activation, the 
opposite was observed, namely a decrease in the threonine phosphorylation state of 
occludin. This finding led to the conclusion that at least one additional signaling 
element, a serine/threonine phosphatase, is between PKC and the occludin target. 
Site directed mutagenesis of conserved threonine residues on the carboxyl terminal 
end of occludin is necessary in order to better assess whether changes in threonine 
phosphorylation of occludin regulate TJ permeability. 

Epithelial tissue studies have produced data that is of greater significance to 
the patient-based studies of this present invention. In a collaboration with Ned Z. 
Carp, M.D. (Lankenau, Dept. of Surgery) and using colectomy tissue from patients at 
Lankenau Hospital (F/N-R-92-691), it was shown that the TJs of surface epithelia of 
human colon carcinomas are uniformly leaky to electron dense dye, whereas those of 
histologically normal colon mucosa are uniformly impermeable (Peralta Soler et al., 
1999, Appendix C). This was likewise true for dimethylhydrazine (DMH)-induced 
tumors in rat colon. 

Interestingly, surface epithelia of hyperplastic * or adenomatous human colon 
polyps were like normal mucosa, i.e. impermeable to the dye. More important were 
results which showed that TJ leakiness did in fact precede the onset of tumor 
formation. First it was observed that aberrant colon crypts increased in number as a 
function of increased number of weeks of DMH exposure, as numerous investigators 
have reported. In addition, however, weekly changes in barrier function of DMH- 
treated colon were examined, with an emphasis on assessing that function by means of 
electrophysiology (R t ) and transepithelial flux of 14 C-D-mannitol. As the weeks of 
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DMH exposure progressed there was an irregular but significant decline in R t and rise 
in D-mannitol flux, clearly indicating that TJ leakiness precedes tumor formation 
(Appendix D). 

Increased barrier leakiness clearly relates to the increased number of aberrant 
crypts in that barrier. This suggests that the TJs of aberrant crypts are leaky. This 
proves to be very significant for the overall model since aberrant crypts are generally 
regarded to be the forerunners of adenomas and carcinomas in the colon mucosa. 

In studies on biopsy tissue obtained from colonoscopy patients at Lankenau 
Hospital (F/N-R-96-978) (collaboration with James J. Thornton, M.D., Division of 
Gastroenterology, Lankenau), it was observed that the TJs between colonocytes of 
patients with Crohn's Disease or ulcerative colitis are significantly leakier than the TJs 
between colonocytes of histologically normal biopsies from patients without disease 
(abstract to 2000 Amer. Gastro. Assn. meeting, Gastroenterology 118(4): A803). 
These procedures, as well as those using the colectomy tissue described above, are 
very similar to the procedures required here for endoscopy and surgery tissue from 
patients at Lankenau. 

Experimental Design 

Determine if Epithelial Tight Junctional Leakiness Is a Property of Adenocarcinomas 
of the Human Upper Gastrointestinal Tract 

In close collaboration with the Departments of General Surgery and Pathology 
of Lankenau Hospital, this research group has been able to demonstrate that the tight 
junctions between epithelia of adenocarcinomas of human colon are leaky (relative to 
the tight junctions of epithelia from colon mucosa more than 10 cm distant from the 
edge of the tumor. The actual conduct of these studies begins with notification to this 
research group of upcoming colectomy surgeries. It is then necessary to prepare to 
receive specimens on the day of that patient's surgery, and notify the pathologist on 
call that day for frozen sections, that a colectomy for adenocarcinoma is forthcoming. 
An operating room nurse calls the research lab 5 minutes prior to colon removal. The 
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on-call pathologist and a research group member meet in the frozen sections room, 
and the pathologist determines if tumor tissue and/or normal mucosa could be taken 
for research purposes. If this is possible, fresh tumor and normal tissue is transported 
back to the laboratory in Kreb's Ringer Bicarbonate saline at 4°C. 

The tight junction permeability of this tissue is then analyzed in one of three 
ways: 1) electrophysiological measurement of transepithelial electrical resistance; 2) 
transepithelial flux of 14 C-D-mannitol; and/or 3) penetration of the electron dense dye, 
ruthenium red, from the apical surface into the lateral intercellular space. These 
methods are described in Peralta Soler et al. (1999) and Mullin et al. (2000) 
(Appendices C and E) which also detail that tight junctions of tumor epithelia are 
leaky by each of the above three criteria. 

Demonstration of the Leakage of Luminal Salivary Proteins Across the GI 
Barrier in Precancerous States in Humans 

It is necessary to functionally verify TJ leakiness in upper GI precancerous 
states and tumors in humans, and to determine if proteins normally sequestered in the 
lumen of the upper GI tract can cross the GI barrier at sites where a cancerous or 
precancerous lesion exists. This forms the basis of a noninvasive early detection 
system for upper GI cancer. 

Patients coming in for endoscopic have 10 cc of (venous) blood drawn into 
tubes through an existing line. After centrifugation, the serum supernatant is frozen in 
1 ml aliquots at -70°C. The salivary protein, salivary amylase (SA), is initially chosen 
for study. SA is a 55 kDa protein, immunologically and enzymatically distinct from 
the pancreatic form. This protein was chosen because it is vectorially secreted 
(luminally) into a fluid (saliva) which washes down into and over the areas where the 
TJ leakiness in precancerous lesions can allow for their crossing the gastroesophageal 
barrier into the bloodstream. Importantly, it is not produced in the area where the 
tumors will arise, and therefore its blood level cannot be due to tumorigenesis 
affecting sites of production (as seems to be the case for pepsinogen). 
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Salivary amylase can be assayed separately from its pancreatic form by virtue 
of a specific inhibitor of its activity (Huang and Tietz, 1982. The level of SA in the 
saliva of the same patients is analyzed by simply analyzing total amylase in sputum 
samples. SA is surprisingly stable over time in these clinical samples, a factor which 
aids the accuracy of the tests. Serum is analyzed undiluted. Saliva is diluted 1: 1000 
in PBS + 1% BSA for analysis of SA. 

Blood levels (and the ratio of blood level/saliva level) of SA is grouped 
according to whether the patient had a normal endoscopic evaluation, or 
cancerous/precancerous conditions were observed. For precancerous conditions there 
is interest in Barrett's esophagus, atrophic gastritis and H. pylori-infected tissue. 
Patients with active ulcerations of the upper GI tract and conditions of actual upper GI 
bleeding are not analyzed because here the GI barrier is breached in a macroscopic 
manner. The interest of the present invention is in the more subtle occurrence of 
leakiness of epithelial TJs in an otherwise intact epithelium (a condition which will 
not evidence bleeding ). 

A second marker solute is used for gastroesophageal permeability. Patients 
drink a solution of sucrose (100 gms in 200 ml water) the night before their 
endoscopy, and collect an overnight urine sample. It has previously been shown that 
sucrose is an excellent marker for ulceration-type leakiness in the upper GI tract. 
(Sutherland et al., 1994; Meddings et al., 1993). The reason is that sucrose cannot be 
transported across cells since it lacks a membrane transporter. Sucrose is normally 
completely broken down by sucrase/isomaltase on duodenal microvilli, entering 
enterocytes and the bloodstream as fructose and glucose. Sucrose per se normally is 
completely absent from the bloodstream. However a defect in the gastric barrier (e.g. 
ulceration) which would enable sucrose to diffuse undegraded into the bloodstream 
allows for its subsequent quantitative appearance in blood and then urine. Thus, use 
of sucrose as an indicator of macroscopic gastric damage (ulcer disease, DBD) can be 
taken to a more molecular level, namely the leakiness of epithelial TJ seals in 
precancerous conditions and actual carcinoma. Cell culture models (Mullin et al., 
1997) predict that a molecule, such as sucrose, will diffuse through these altered, 
leaky TJs and enter the bloodstream. Due to sucrose' s relatively small size (mw 342 
vs. 56,000 for SA), it proves a superior probe to S A in this regard. 

14 
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Endoscopic biopsies of normal and precancerous tissue from distal esophageal 
and gastric mucosa (corpus region) of these same patients is studied. First, biopsy 
tissue is mounted in simplified Ussing-type chambers, for overlay of the electron 
dense dye, ruthenium red, onto the apical surface. This allows for determination of TJ 
leakiness by observation, in electron micrographs, of the penetration of ruthenium red 
across the TJ and into the intercellular space, as previously described (Peralta Soler et 
al., 1999). In addition, use is made of Ussing-type tissue diffusion chambers specially 
designed for very small (< 1 mm) tissue diameters (Harvard Apparatus) that have just 
recently become available, thereby allowing for transepithelial electrophysiological 
measurements and radiochemical flux analysis using biopsy samples. Therefore, 
measurements of R t , as well as e.g. 14 C-mannitol flux studies, can be made on human 
biopsy tissue as has been done previously with human surgical tissue (colectomy). 
(Peralta Soler et al., 1999; Mullin et al., 1997). 

In addition to these physiological measurements of TJ permeability in normal 
versus precancerous tissue, the phosphorylation state of the TJ protein, occludin, is 
also examined. These studies derive from a recent observation using epithelial cell 
cultures that as TJ permeability increases, occludin is dephosphorylated at one or 
more threonine residues. Using techniques already in use, occludin is examined in 
biopsy tissue. (Clarke et al., 2000 [Appendix B]). Biopsy tissue is immediately 
placed in homogenization buffer on ice, sonicated, differentially centrifuged, and 
analyzed by Western immunoblot, probing with anti-occludin and anti- 
phosphothreonine antibodies. This enables determination of whether or not the 
occludin expression and/or phosphorylation state is altered in precancerous tissue of 
the esophagus or stomach, as a correlate to changes in TJ permeability in the 
precancerous state. 
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